
Overview of latest runaway electron 
experiments and analysis atCOMPASS
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Outline

ÅRE campaigns during COMPASS life-time

ÅSpecial diagnostics + pellet injector used in 
the last campaigns
ÅHigh energy RE beam equilibrium in the 

experiment

ÅGas injection experiments
ÅSolid state pellet injection experiments
ÅRMP experiments

ÅCalorimetric head measurements
ÅMeasurements of high frequency waves 

during RE experiments
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RE campaigns in COMPASS life time

Å COMPASSςITER-like shaped plasmas with Ip,max= 400 kA, Bt,max = 1.5 T, 
2x 400 kW NBI, flexible diagnostics setup 

Å Runaway experiments run 2014-2020
within EUROfusionMST2-14, then MST1, MST1-Topic 8

2014-2015 ςLow density discharges, MHD losses
2015-2016 ςMassive gas injection into ramp-up
2017-ƴƻǿ αCǳƭƭ ŎƻƴǾŜǊǎƛƻƴά RE beams flattop injection with secondary gas 
puffs, RMPs, pellet injection, enhanced diagnostics

Typical RE discharge 
Å Ar or Ne injection into 150 kA flattop of low-density discharge (1-2e19 

m-3) with significant RE seed
Å Generation of RE beam than can be further accelerated or is sustained 

with zero external loop voltage
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Special hardware of last RE campagins
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Å Room temperature solid state pellet injector (2ŜǌƻǾǎƪȇΣ WΦ Ŝǘ ŀƭΦ 9t{ 
2021, P4.1006)
Å Single stage gas gun with carbon pellets borrowed from AUG
Å Gas expansion system designed and built for COMPASS

Å DIAGNOSTICS:
Å REGARDSςHXR spectrometer base on LaBr3(Ce) scintillator
Å Other HXR detectors with spectrometric ability or HXR/neutron 

discrimination ςCeBr3, YAP, NaI(Tl), NuDETNeutron
Å Tipex3-based matrix SXR detectors  - interaction at the HFS

Å REIS 2 ςspectrometers capturing synchrotron radiation ςNIR 
region of interest on COMPASS

Å Set of ex-vessel and in-vessel MHz ςGHz antennas ςloop and 
log-periodic

Å Active injection of 500 MHz, 50 W EM waves via the loop 
antenna



Runaway electron beam equilibrium I
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ÅBetatronsςhigh current, plasma assisted (charge dilution), 
modified betatrons(Bt for ideal MHD stability)

ÅFor current 10 kA ςlittle spread in energy allowed, 
diamagnetic to paramagnetic transition, etc.

ÅYoshida, NF 1990 
Å tokamak geometry plasma + sum of elemental beams, total force 

balance, modified G.S. equation + equilibria shapes for different 
energies

ÅApplicationat COMPASS
Å RE energy estimated using very simplified formulation of the problem

Finn and Mannerheim, Phys fluids 1988

Yoshida, NF 1990



Runaway electron beam equilibrium II 
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Å Plasma and equilibrium field coil 
geometry in Biot-Savart solver

Å Experimental plasma + coil 
currents reproduce EFIT 
configuration well 

Å HFS X-point with RE beam

Å AXUV tomography and 
calorimetry point to strong 
heating of LFS limiter already 
before RE beam termination

Å High energy fraction of the 
beam indeed LFS limited based 
on drift surfaces

Ficker, O., et. al. EPS 2021, P3.1034 



Runaway electron beam equilibrium III 
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Å Decreasing of Ip role in radial position control ςincreasing of the 
role of ERE ςsecures control of the RE beam

Å¢ƘŜ ʲN and FB-based estimates of RE energy seem to agree in 
trends with HXR PHA energy and synchrotron radiation

Ficker, O et. al. NF 2019 



Gas injection results ςAr, Kr, Ne, N, Ar/D2
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Å Various noble gases and N for beam triggering tested ςNe and N produce significantly less HXR radiation and slower decay
Å Intensive secondary D2 injection seems to stop the increase of RE energy, -Uloop only decreases current but increases energy



Roomtemperaturesolid state pellet injector
resultsIςeffect on the RE beam
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CerovskyJ. et al. EPS 2021 P4.1006, paper in preparation

RTSP
Å single stage gas gun from AUG
Å mm-sized carbon pellets
Å Ar-propelled, velocities 100-400 m/s
Å gas expansion system designed at COMPASS

#21290 - Ne generated RE beam reference
#21292 - Ne generated RE beam, without pellet injection (only 
propellant gas)
#21294 - Ne generated RE beam, with graphite pellet injection

Pellet ablates and then explodes

Video available here


